The cell cycle of yeast has been studied exteilsively. In Saccharomyces cerevisiae, it has been demonstrated that total protein, rRNA, mRNA, and tRNA are synthesized at a continuous rate during the cell cycle (5, 8, 9) . In contrast, in Schizosaccharomyces pombe, ribosomal proteins and rRNA show step changes in synthesis (11) consistent with a linear doubling model which predicts a doubling in the rate of synthesis of a gene product when the gene dosage doubles during S phase. In both organisms, the activity of many enzymes has been shown to increase in a periodic manner during the cell cycle (5) . Furthermore, the synthesis of one defined class of proteins, the histones, has been shown to have a variable rate of synthesis with a peak during S phase in S. cerevisiae. However, other studies in S. pombe suggested that cellular proteins, resolved by sodium dodecyl sulfate gels, are synthesized in a nonperiodic manner (10) . Shulman et al. (7) examined the synthesis of ribosomal proteins separated on one-dimensional gels in S. cerevisiae from different periods of the cell cycle and also could see no discontinuous synthesis. In the latter two cases, the gel system did not resolve individual proteins. Therefore, it is conceivable that peaks in synthesis of individual proteins are dispersed throughout the cell cycle, providing a total constant rate of synthesis. In the light of these problems, we decided to reexamine the question of periodic synthesis by studying the synthesis of ribosomal proteins by means of three improvements: two-dimensional gels to resolve individual ribosomal proteins (3); a dual-label technique to label protein; and a selective technique, centrifugal elutriation (2) (3). Sixty-five ribosomal proteins and several other cellular proteins are resolved by this system. The numbering system is as described previously (3). Dual-labeled cells prepared as described in Fig. 1 were fractionated into discrete cell types by centrifugal elutriation, and the proteins were extracted and separated on two-dimensional gels. In this procedure, ribosomal proteins are obtained from the total cellular protein rather than purified ribosomes. Individual spots were cut out, and the ratio of counts in them was determined. Figure lb is a typical plot of the ratio of counts versus cell cycle position for a ribosomal protein. The ratio remains constant, indicating that the synthesis of that protein is increasing in an exponential manner. In Fig. la , a nonribosomal protein also shows an exponentially increasing rate during the cell cycle. Table  1 depicts the ratio of counts of each spot in each fraction. Virtually all the proteins showed a constant ratio with points randomly distributed around the exponential accumulation line, indicating that all the ribosomal proteins and cellular proteins examined are synthesized at an exponentially increasing rate during the cell cycle. The percent standard deviation (standard deviation x 100/average) through the cell cycle was calculated for each protein. The average percent standard deviation was 11.9%. In contrast, DNA synthesis, which is clearly an example of periodic synthesis, showed a 75% standard deviation (1) . The linear doubling model predicts a 17.1% standard deviation. Of the 49 proteins examined, only 8 had percent standard deviations greater than 17.1%. In addition, none of the proteins exhibited a pattern of change in ratio similar to that predicted by either the linear doubling model or the periodic synthesis model. If a protein exhibited periodic synthesis, a variation in ratio of greater than 10-fold would be expected. The linear doubling mode of accumulation would result in a twofold change. Therefore, these models can be ruled out. The only viable alternatives to the simple exponential model are more involved ones, such as periodic degradation and periodic synthesis, both of which occur at the same time; or models including posttranscriptional regulation in conjunction with one or both of the former. However, these models appear unlikely.
The observation that ribosomal proteins are synthesized at a constant rate is not surprising. All the rRNA's are synthesized at a constant rate (2; submitted for publication), and rRNA and ribosomal proteins react coordinately in response to nutritional changes (12) . Therefore, the synthesis of ribosomal proteins and rRNA should increase in amount in the same exponential manner during the cell cycle. Although all the ribosomal proteins and some nonribosomal proteins are synthesized in an exponentially increasing manner, it is still possible that some proteins are synthesized periodically, e.g., histones (6) . However, since total protein (1, 5) , mRNA (submitted for publication), and the proteins reported on here show no periodic changes in rate, it is unlikely that doubling in gene number during S phase causes a generalized doubling in rate of synthesis of the majority of proteins, or that many proteins exhibit periodic synthesis at all. It would appear, therefore, that the numerous observations of periodic activity during the cell cycle may be due to periodic changes in regulatory molecules affecting enzyme activity and not enzyme synthesis.
